The ruling strategy for diagnosis of hyperthyroidism is at present based on a complete clinical examination accompanied by two in vitro thyroid function tests: free thyroxin (T4) index and TJ level (Harvey, 1971; Tubiana et al., 1972; Vagenakis et al., 1976) . In most cases this efficient battery of investigations allows the specialist to confirm the diagnosis with certainty.
The specialist has confidence in his diagnosis only when there is total agreement between his clinical assessment and his judgment on the results of the routine laboratory tests. If they do not entirely agree he will request follow-up or therapeutic tests before reaching a conclusion. If it were possible to succeed in establishing some objective rules based on the specialist's diagnostic reasoning, positive consequence could then be derived.
Firstly, if objective diagnostic rules could be transmitted, particularly to a GP, they could help him to handle alone many of the patients he formerly referred to a specialist. This extension of the GP's role would involve important time-saving for both the patient and the specialist without adding substantially to the GP's work.
Secondly, a definition of these objective rules might be helpful in reducing the number of investigations requested. Indeed, in most 'thyroid units', a large percentage of requests are for screening (Britton et al., 1975) . Although the cost per patient of a systematic request for both free T4 index and T3 measurement is not very great, the overall expense is large. With this in mind, it was of interest to investigate the necessity of systematically requesting both of these in vitro thyroid function tests, T3 measurement being particularly questionable at the screening step of the diagnostic strategy.
The aim of this study was to define and assess a sequential strategy for the detection of hyperthyroidism supported by a simple pocket calculator-aided decision programme.
Material and methods
From all subjects referred by GPs for a possible hyperthyroid problem, two categories of patients were excluded: firstly, those previously treated for a thyroid disease, and, secondly, those with abnormal thyroid palpation when toxic adenoma was suspected after a thyroid scan.
Design of the calculator-aided diagnosis strategy A simple Bayesian not 'computer-aided' but 'pocket calculator-aided' diagnosis programme was used to simulate the reasoning analysis of the specialist.
1. As an objective substitute for subjective clinical impression 'clinical probability' of hyperthyroidism was calculated using the following nine signs: upper lid retraction, pulse 90/min, weight loss > 5 kg, changes in appetite and/or thirst, heat tolerance, warm moist skin, nervousness, and fine finger tremor. 215 216 2. Likewise, the biological assessment based upon the 'biological probability' of hyperthyroidism was calculated from laboratory test results. The frequencies of the different clinical profiles and the distributions of laboratory test results for euthyroid and hyperthyroid patients have been estimated in a previous study (Alperovitch et al., 1977) .
The 'computer' was programmed* to calculate these probabilities from data introduced by the clinician for clinical profile, free thyroxin (T4) index, and T3.
Two cut-off points were determined for each probability in order to define three categories: euthyroid-uncertainty-hyperthyroid. These cut-off points were respectively 0 20 and 0 80 for the clinical probability of hyperthyroidism and 0 10 and 0*90 for the biological probability of hyperthyroidism.
The proposed decision rule was to terminate only if the two probabilities were either both in the euthyroid zone or both in the hyperthyroid zone. If not, it was advisable to request further investigations. Assessment of the proposed diagnostic strategy The proposed diagnostic strategy was assessed on a sample of 410 patients (298 euthyroid and 112 hyperthyroid). Four clinicians were involved in this study. The thyroid status of each patient was determined by a specialist from a complete clinical examination, including measurement of ankle jerk time when available, and all tests that he deemed it advisable to request: T4 and Ta serum levels, Ta resin uptake ratio and free thyroxin index were requested for all patients. For 103 patients, the radioactive uptake by the thyroid gland at 20 minutes for 99mTc was also measured (Aubert et al., 1977 3. What test strategy should be proposed after the screening-oriented step? Screening from clinical examination and free thyroxin index Applying the decision rules defined from these two probabilities of hyperthyroidism it was possible to manage a preliminary screening.
For 61% of the patients (252 out of 410), a clinical examination and free thyroxin (T4) index were sufficient to answer the diagnostic problem. In all these cases, the proposed conclusion was identical with the diagnosis given by the clinician from the results of the battery of tests that he had selected. The screening efficacy was particularly high for euthyroid subjects, for 73% of whom the diagnostic problem was solved at this screening step. For 70% of the hyperthyroid patients, further tests were necessary for a confident decision. Usefulness of ankle jerk time When technically possible, ankle jerk time was measured, and this measurement was considered as an extension of the usual clinical examination.
For 340 of the 410 patients, these data were available (Table 2 ) and the addition of ankle jerk time measurement slightly improved the clinical evaluation. A definitive conclusion was obtained for 67% of the subjects, instead of 63% without ankle jerk time. This difference is significant (Table 2 ) and the benefit is particularly clear for hyperthyroid patients (Table 1) . What test strategy to use after the screening-oriented step?
The problem of hyperthyroid patients with normal T3 measurement has been pointed out by many authors. So, in our study, T3 assay was not a reliable preliminary screening method when used with clinical signs because it gave rise to misdiagnosis of at least 5% of hyperthyroid cases. But when used as a secondary test, it may help to increase discriminatiol. For a given patient, the starting point of this second step was a 'post-screening probability' of hyperthyroidism calculated both from clinical examination including ankle jerk time if available, and from free thyroxin index. This probability was compared with the probability calculated from T3 assay. For 74% of the doubtful patients (108 out of 146), a confident conclusion was possible after the T3 assay (Table 3) . For the other cases, which represent 9% of the whole sample, the usefulness of the TRH test and of the thyroid uptake Comments and discussion
Overall evaluation
The results of this study indicate that the calculator-aided diagnostic strategy seems highly advisable for patients presenting with a possible hyperthyroidism problem. The screening-oriented step based on clinical evaluation including measurement of ankle jerk time and free thyroxin index permits a definite answer to the diagnosis problem for 64% of the patients. For doubtful cases, T3 concentration is then measured on a preserved blood sample. After this second test, diagnosis is made for 91% of the patients, and only 9% of the patients need further investigation. This approach improves the clinician's efficacy because it confers important savings in cost, particularly for euthyroid subjects. By comparing this strategy with the usual process of diagnosis, it appears that the number of Ts requests is reduced by 65% and the number of other tests (99mTc uptake and TRH) by 70%. The average cost of the diagnostic process would be reduced by 30% for euthyroid subjects and by 23% for hyperthyroid subjects (Table 4 ). The expected benefit of this sequential strategy is closely related to the percentage of hyperthyroid cases in the screened population: the smaller this percentage, the greater the benefit of the proposed diagnostic strategy. In a population less than 40% hyperthyroid, this approach appears valid.
GPs' screening role Since the diagnostic programme is written for a simple calculator, it is not unrealistic to anticipate that this programme could play the role of an efficient GP's assistant for the management of a high percentage of patients. As shown in Table 1 , the percentage of patients with both 'clinical probability' and 'free thyroxin index probability' in the euthyroid A problem must be solved beforehand. None of the nine clinical signs used by the programme was noted to be present in 15% of the patients referred by the GP for a possible hyperthyroidism at the time when they were examined by the specialist. This discrepancy might be due to various facts, particularly variability of some signs and observer error. In order to identify and to reduce this discrepancy, a co-operative study with a GP has been undertaken.
Strategy transferability
The proposed diagnostic strategy simulates the clinician's reasoning, with the cut-off points representing subjective decision rules of a skilled clinician. The fact that they are based on probabilities (euthyroid or hyperthyroid) makes them more general than rules based on ranges defined by laboratory measurements (Britton, 1975) .
The programme parameters (a priori probability of hyperthyroidism, frequencies of each clinical sign for euthyroid and hyperthyroid subjects, means and standard deviations for laboratory tests) must be updated because of the variations from one hospital to another and also within the same hospital, as they can change with time. This updating does not present real difficulties, because of the simplicity of our system.
In conclusion, we should emphasise that this experiment is one of the few studies in which so called 'computer'-aided medical decision offers an approach capable of playing a major role in daily medical practice rather than a simple academic exercise (De Dombal et al., 1972; Anderson et al., 1976; Alperovitch and Fragu, 1977 
